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Dear Sir: 

The undersigned, Kyogo Itoh, M.D., Ph.D., hereby declares and states as 

follows: 

1 . My Curriculum Vitae including a list of my publications and credentials, 
is attached hereto as Appendix A. 

2. On the basis of the qualifications set forth in my Curriculum Vitae, I 
submit that I am an expert in the fields of molecular biology and oncology. I have 
long been engaged in research on tumor antigens and identified several novel 
tumor antigens such as SART-2, SART-3, Cyclophilin B, and ART-1 in addition to 
SART-1 as the subject matter of the present invention. 

3. I have studied the Office Action issued on February 1, 2001 and 
understood what is the essence of the Office Action. 

4. I am the primary inventor of the US Patent Application number 
09/202,047 (hereinafter, "present application") and am familiar with the scientific 
and practical significance of the invention. I am also familiar with cited Nakao et al, 
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Cancer Res. 55: 4248-4252, October 1, 1995 (hereinafter, "Nakao et aT) as one of 
co-authors. 

5. In my capacity as set forth above, I would like to express my opinion on 
the Office Action especially on the following issues: 

1) Claims 7 and 8 meets the requirements under 35 USC § 1 12; and 

2) Claims 6-9 and 12-13 are novel over Nakao et al 

5.1. Claims 7 and 8 meets the Disclosure Requirements 

5.1.1. The amended claims 7 and 8 read: 

Claim 7: An isolated tumor antigen peptide consisting of part of the protein of 
claim 6, which binds to MHC class I antigen to be recognized by CTLs. 

Claim 8: An isolated tumor antigen peptide of claim 7 tuhich comprises the 

amino acid sequence of positions 749-757, 736-744, 785-793, or 690- 
698 in the amino acid sequence ofSEQ ID NO: 1. 

The Examiner stated as follows; 

"The specification fails to enable any peptides that are produced through 
"intracellular decomposition" ufhich bind MHC class I antigen and can be recognized 
by T cells,,." 

However, one of ordinary skill in the art could make and use the peptides 
as claimed in claims 7 and 8 above on the basis of the description, teaching, and 
guidance in the specification in view of the technical background at the filing date 
of the priority application of the present application (June 7, 1996, hereinafter, 
"priority date"). 

5. 1.2. The present invention is based on the successful cloning of a novel tumor 
antigen protein, which is now called a SART-l". Before the priority date, there had 
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been no tumor antigens identified other than those originated from a special 
tumor, i.e., melanoma. Accordingly, it was very much desired a tumor antigen 
protein to be isolated from more common tumors such as squamous cell 
carcinoma (see, page 7, line 1 through page 8, line 22 of the specification). The 
present inventors, for the first time, succeeded in the cloning and the 
characterization of a novel tumor antigen protein (SART-1) from a tumor other 
than melanoma, that is, squamous cell carcinoma derived from esophageal 
cancer. J. Exp. Med., one of most famous learned journals, published our 
research results regarding cloning and characterization of SART- 1 in recognition 
of the significance. See, Appendix B (J. Exp. Med. 187: 277-288, 1998). 

5. 1.3. The cloning of SART-1 was extremely difficult. In the absence of any 
genetic information, we, the inventors, had to use the expression cloning 
technique, which comprises expressing randomly an enormous numbers of cDNA 
clones, determining the activity of each clone, and selecting the intended clorie(s). 
We repeated the procedures again and again and finally isolated one cDNA clone 

from squamous cell carcinoma derived from esophageal cancer, as described in 
Examples 1 to 3 of the present application. The clone is referred to as a K3" in the 
present specification and now known as "SART-l". We then confirmed that the 
gene encoding SART-1 (K3), when transformed into a cell, yields a peptide 
fragment(s) through the intracellular processing of SART- 1 , which fragment binds 
to major histocompatibility complex (MHC) class I antigen, i.e., HLA antigen, and 
is recognized by cytotoxic T lymphocytes (CTLs), as recited in claim 6. These 
results are shown in Table 2 in Example 3 of the present specification. In Table 2, 
the activity of SART- 1 (K3) is determined by measuring the amount of IFN- y 
generated by CTLs. It is known that CTL produces IFN- y only when it recognizes 
a peptide presented by MHC class I antigen (HLA antigen), which peptide have 
been generated through the intracellular processing, and hence the results in 
Table 2 certainly prove that "an isolated protein* of the present invention as 
defined in claim 6 has the activity as recited in the said claim. 

5.1.4. As mentioned above, the cloning of SART-1 could not be achieved without 
resolving considerable difficulties. Once the tumor antigen protein was cloned 
and identified, the next step for determining a part (portion) thereof having an 
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activity as a tumor antigen peptide could be carried out by a technique known in 
the art. 

5.1.5. It was commonly known in the art that antigen peptides which are bound 
and presented by MHC class I antigen (HLA antigen) are generally 8-12 amino 
acid long. For example, antigen peptides listed in Immunogenetics, 41:178-228, 
1995 are all have amino acid sequences of 8 to 12 amino acids. See, Table. 
Likewise, «/. Immunol, 152:3913, 1994 (see, abstract) and J. Immunol., 152:3904, 
1994 also describes the requisite amino acid length of antigen peptide presented 
by MHC class I antigen (HLA antigen) to be 8-12 a. a. and 8-11 a.a., respectively. 
These publications have been filed with the USPTO as IDS. 

5.1.6. Further, it was also known that, regarding some MHC class I antigens 
such as HLA-A24, there is a rule (motif) in the amino acid sequence of a peptide 
to be presented thereby. Accordingly, one could even identify a tumor antigen 
peptide based on a peptide sequence comprising the motif. The state of art at the 
priority date is described in the above-mentioned three documents in detail, as 
well as in the present specification (see, page 16, lines 16-23). By means of such 
a method, we identified peptide "690-698" as an antigen peptide, which is 
described in Example 4 at page 37, lines 12-15 of the present specification. 

5.1.7. With regard to a tumor antigen peptide restricted to HLA antigen lacking 
"rule" in the amino acid sequence, it could be identified according to the method 
described in Example 4 of the present specification. That is, from a cDNA 
encoding a tumor antigen protein, clones of various length were prepared using 
Deletion Kit and analyzed the activity by measuring the amount of IFN- y 
produced by CTLs as mentioned above. Peptide fragments of 8-12 amino acids 
were then synthesized based on the sequence of a clone having activity, and 
allowed to contact with cells for assay to determine whether of not the synthetic 
peptide fragments have the activity of binding to HLA antigen and being 
recognized by CTLs, as claimed in claim 7. After the series of procedures, there 
obtained three tumor antigen peptides corresponding to amino acid sequences 
"736-744", "749-757" and "785-793". One ordinary skilled in the art could 
identify any tumor antigen peptides by following the procedures described in 
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Example 4 involving "deletion". 

5.1.8. As mentioned above, once a "tumor antigen protein" has been identified, 
one ordinary skilled in the art could identify tumor antigen peptides as recited in 
claims 7 and 8 on the basis of the known techniques regarding the length and 
motif of peptides capable of binding to MHC class I antigen, guidance and 
working examples in the present specification. Accordingly, the peptides as the 
subject matters of claims 7 and 8 are described in the specification to such an 
extent to enable one ordinary skilled in the art to make and use the same. 

5.2. Claims 6-9 and 12-13 are novel over Nakao et al 

5.2.1. I am familiar with the cited Nakao et al document, which reports the 
results of research work conducted in my office under my supervision. The 
results are those obtained prior to the cloning or identification of SART- 1 . It is 
my conclusion that Nakao et al did not anticipate the tumor antigen peptide 
derived from SART-1 on the basis of the facts below. 

5.2.2. The Examiner takes the position that the tumor antigen peptide of the 
present invention and the antigen peptide of Nakao et al are identical because the 
both peptides are originated from KE-4 and recognized by KE-4CTL; however, this 
is not pertinent. That is, there are many tumor antigens which are distinct from 
SART-1 and yet expressed on KE-4 and recognized by KE-4CTL. We have so far 
identified such tumor antigens, namely, SART- 2 (Nakao, M. et al, J. Immunol, 164, 
2565 (2000)) and SART-3 (Yang, D. et al, Cancer Res. ,59: 4056(1999)), which are 
distinct from each other and also from SART-1 in terms of structure. 

5.2.3. Further, the subject matter as claimed in the present application is 
"isolated tumor antigen protein" and "isolated tumor antigen peptide", while 
Nakao et al do not describe such an "isolated" protein or peptide. Examiner 
pointed out that Nakao et al teach a peptide antigen expressed on SCC from KE-4 
tumor cells specifically making reference to Fig. 3 on page 4251. Although the 
said Fig. 3 indicates the presence of a substance having activity in fraction No. 23, 
there are no evidences showing that the said fraction contains a single 
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protein/ peptide, much less SART-1 of the present invention. 

5.2.4. It is well known in the art that HPLC, when conducted under the 
conditions set forth in Nakao et al, gives peaks each containing plural peptides. 
Actually, it was technically very difficult for us to isolate and identify tumor 
antigen protein or peptide from the active fraction No. 23. We then used the 
"expression cloning technique" and succeed in the isolation and identification of 
SART- 1 after continuous endeavors. It would be objectively understood that the 
active peak (No. 23) corresponds to a mixture of peptides of unknown structure, 
which is clearly distinct from the isolated tumor antigen protein or peptide of the 
present invention. 

6. In summary, it is my conclusion that the peptides as the subject matters of 
claims 7 and 8 are described in the specification to such an extent to enable one 
ordinary skilled in the art to make and use the same, and that, on June 7, 1996, 
Nakao et al did not anticipate the tumor antigen peptide derived from SART-1. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the above-identified 
application or any patent issuing thereon. 
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Summary 

Except for melanomas, tumor antigens recognized by cytotoxic T lymphocytes (CTLs) are yet 
unidentified. We have identified a gene encoding antigenic peptides of human squamous cell 
carcinomas (SCCs) recognized by human histocompatibility leukocyte antigens (HLA)- 
A2601-restricted CTLs. This gene showed no similarity to known sequences, and encoded 
two (125- and 43-kilodalton [kD]) proteins. The 125-kD protein with the leucine zipper motif 
was expressed in the nucleus of the majority of proliferating cells tested, including normal and 
/malignant cells. The 43-kD protein was expressed in the cytosol of most SCCs from various 
organs and half of lung adenocarcinomas, but was not expressed in other cancers nor in a panel 
of normal tissues. The three nonapeptides shared by the two proteins were recognized by the 
KE4 CTLs, and one of the peptides induced in vitro from peripheral blood mononuclear cells 
(PBMCs) the CTLs restricted to the autologous tumor cells. The 43-kD protein and this nona- 
peptide (KGSGKMKTE) may be useful for the specific immunotherapy of HLA-A2601 + epi- 
thelial cancer patients. 



[any genes encoding tumor-rejection antigens rec- 
_ . -Lognized by CTLs were identified from cDNA of* 
melanomas (1-6). Further, a large number of nonapeptides 
recognized by HLA class I-restricted CTLs cytotoxic to 
melanoma cells have been identified in the past five years 
(5-15). Some of them are under clinical trials as cancer vac- 
cines, and major tumor regression in several HLA-A1 + 
melanoma patients was reported in the vaccine therapy 
with the melanoma antigen (MAGE)-3 peptide (16). There- 
fore, these nonapeptides recognized by the CTLs could be 
a new tool for the specific immunotherapy of melanoma. 
However, no peptides are yet identified from human squa- 
mous cell carcinomas (SCCs) 1 one of the major human can- 
cers, except for a mutated CASP-8 (17). We previously re- 
ported the HLA-A2601-restricted and tumor-specific CTL 
line recognizing peptide antigen(s) expressed on SCCs (18). 
In this study, we have investigated a gene encoding tumor 
antigen recognized by this CTL line, and report a new gene 



1 Abbreviations used in this paper: aa, amino acid; gp, glycoprotein; GST, 
glutathione S-transferase; LAP, liver-enriched tra rise rip tional-activator 
protein; LIP, liver-enriched transcriprional-inhibitory protein; mRNA, 
messenger RNA; nt, nucleotide; ORF, open reading frame; S-D, Shine- 
Dalgarno; SART, squamous ceU carcinoma antigen recognized by T ceUs; 
SCC, squamous cell carcinoma. 



encoding two novel proteins and three nonapeptides as the 
antigens recognized by the HLA-A2601 -restricted CTLs. 

Materials and Methods 

Identification of 6AU1D7 Genes. Expression-gene cloning meth- 
ods developed by T. Boon and colleagues (4, 6) were used in this 
study to identify a gene coding tumor antigen recognized by the 
KE4 CTLs (18). In brief, messenger RNA (mRNA) of the KE4 
tumor cells was converted to cDNA, ligated to Sail adapter, and 
inserted into the expression vector pSV-SPORT-1 (GIBCO 
BRL, Gaithersburg, MD). cDNA of HLA-A2601 or HLA-A0201 
was obtained by reverse transcription PCR (RT-PCR), and was 
cloned into the eukaryotic expression vector pCR3 (Invitrogen, 
San Diego, CA). Both 200 ng of plasmid DNA pools or clones of 
the KE4 cDNA library and 200 ng of the HLA-A2601 cDNA 
were mixed with 1 |xl of lipofectin in 70 uA of OPTl-MEM® 
(GIBCO BRL) for 15 min. 30 ui of the mixture was then added 
to the VA13 (2 X 10 4 ) cells and incubated for 5 h. 200 u.1 of the 
RPMI-1640 medium containing 20% FCS was then added and 
cultured for 2 d followed by adding the KE4 CTLs (10 4 cells/ 
well; reference 8). After a 18-h incubation, 100 u,l of supernatant 
was collected to measure [FN-7 by an ELISA kit (Otsuka Pharm. 
Co., Tokyo, Japan) in a duplicate assay. DNA sequencing was 
performed with dideoxynucleotide sequencing . method using 
DNA Sequencing kit (Perkin-Elmer Corp., Foster, CA) and ana- 
lyzed by ABl PRISM™ 377 DNA Sequencer (Perkin-Elmer). 
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Northern Blot Analysis. Nylon membranes (Hybond-N + ; Am- 
. ersham, Buckinghamshire, UK) with UV-fixed total RNAs (5 
|ULg/hne) extracted from the various cells or UV-fixed poly A + 
UNA (2 u.g/lane) from various tissues were prehybridized for 
10 min and hybridized overnight at 65°C in the same solution 
(7% SDS, 1 mM EDTA, 0.5 M NaH 2 P0 4 , pH 7.2) containing 
32 P-labeled 6A1-1D7 probe. The membranes were washed three 
times at 65°C in a washing buffer (1% SDS, 40 mM Na 2 HP0 4 , 
pH 7.2), and then auto radiographed. The relative expression level 
of the squamous cell carcinoma antigen recognized by T cells 
1 (SART-l) mRNA was calculated by the following formula: 
index = (SART-1 density of a sample/p-actin density of a sam- 
ple) X (p-actin density of the KE4 tumor/ SART- 1 density of the 
KE4 tumor). 

Cloning of the SART-1 Gene. We tentatively named this gene 
encoding a. tumor antigen recognized by the KE4 CTLs as the 
SART-1 gene. The SART-1 clone was obtained from both PBMCs 
(Superscript™ Human Leukocyte cDNA Library in pCMV- 
SPORT; GIBCO BRL) and KE4 cDNA libraries by the standard 
colony hybridization method with the 32 P-labeIed 6A1-1D7 cDNA 
as a probe. Sequence data of the SART-1 are available from 
EMBL/GenBank/DDBJ under accession number AB006198. The 
HifFerence of the'sequence at nucleotide (nt) position 812 of the 
ART- 1 between PBMCs and ECE4 was further analyzed by treat- 
ment of the PCR products with an Seel restriction enzyme. Am- 
plification was performed for 30 cycles (1 min at 94°C, 2 min at 
56°C, and 2 min at 72°C) with the primers of 5'-CCAAGT- 
TACTGG AGGAG ATGG-3 ' (forward primer) and 5'-TTGGA- 
C AGGATAG AGCGAGG-3 ' (reverse primer). 

Preparation of Glutathione S- transferase Fusion Proteins and Rabbit 
Antisera. For S ART- Isoo/gst (GST, glutathione s-transferase) pro- 
tein, the full length of SART- 1 was digested with EcoRf and Not! 
at the multiple cloning site of pCMV-SPORT, and then ligated 
into the pGEX-4T-2 vector (Pharmacia Biotech AB, Uppsala, 
Sweden). For SART-l 6Al _ lD7/CST protein, the SART-1 cDNA 
fragment (nt 1,663-2,449) was amplified by PCR using a forward 
primer 5'-TGGGAATTCGATGAGGATCCCGAGC-3' (sf-1), 
and a reverse primer 5'-TACGGGCGGCCGCTGTCACT- 
TGGT-3' (sr-1). Amplified product was digested with EcoR[ and 
Notl, and ligated to the pGEX-5X-3 (Pharmacia Biotech AB). 
For SART-1 67/CSX protein, the SART-i cDNA fragment (nt 1,663- 
1,866) was amplified by PCR using a sf-1 primer and a reverse 
primer 5'-CGTGAATTCTCACCGTGCTCCAGCC-3'. Ampli- 
fied product was digested with EcoRI and ligated to the pGEX- 
"X-3. For SART-l 2l 9/csT protein, the SART-1 cDNA fragment 
J, 781-2 ,449) was amplified by PCR using a forward primer 
5'-GAGAATTCCATGGACTTTGAACGGGATG-3' (sf-2) and 
a sr-1 primer. Amplified product was digested with EcoRJ and Notl, 
and ligated to the pGEX-5X-3. Polyclonal anti-SART-lgoo^s-r, 
anti-SART-l 6AulD7/GST , anti-SART-l 67/CST , and anti-SART- 
I219/GST Abs were prepared by irnmunizarion of rabbits with purified 
SART-Wcsr, SART-l 6Al . tD7/Gyr , SART-1 67/GST , and SART- 
I219/CST proteins, respectively, by the methods previously re- 
ported (19). 

Preparation of SART-1-tag Fusion Protein in Expression Vector 
Constructs, For preparation of the SART-l mQ/)ltyc , the SART-1 
of positions 29-2,449 was amplified by PCR using a forward 
primer 5'-GCTCGGAATTCACGTGCCACTATGGG-3' and 
a reverse primer 5'-AGGGAATTCTCGCTTGGTGATGGT- 
GTTC-3' (sr-2). Amplified product was digested with EcoRI, 
and ligated to pcDNA3.1/Myc-His vector (Invitrogen). The 
gene encoding a tag peptide was ligated to the 2,438 position be- 
fore the stop codon of the third frame, which was used as the 
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SART-1 mo/mYC . Similarly, the SART-1 fragment of positions 1,663- 
2,449 or 1,782-2,449 was amplified by PCR using a sf-1 and a 
. sr-2 primer or a sf-2 primer and a sr-2 primer, and the amplified 
product was used for preparation of the SART-1 6Al }D7/ or 
SART-1 

2i9/ t nyc* respectively. 

Western Blot Analysis. The samples were lysed with a buffer 
consisting of 10 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.5% Triton 
X-100, 0.2 mM PMSF (Sigma Chemical Co., St. Louis, MO), 
and 0.03 one trypsin inhibitor unit (TIU)/ml aprotinin, soni- 
cated, and centrifuged at 14,000 rpm for 20 min, and the super- 
natant was used as the cytosol fraction. Then, the pellet was lysed 
with a buffer consisting of 7.2 M urea, 1.6% Triton X-100, 0.8% 
dithiothreitol, and 2% lithium dodecyl sulfate, and was centri- 
fuged, and the supernatant was used as the nuclear fraction. The 
lysate was separated by SDS-PAGE. The proteins in acrylamide 
gel were blotted to Hybond™-polyvinylidene difluoride (PVDF) 
membrane (Amersham) and were incubated with appropriate Abs 
for 4 h at room temperature. The other methods of Western blot 
analysis were previously described (19). 

KE4 CTL, Its Sublines, and CTL Assay. HLA-A2601-restricted 
and SCC-specific CTL line (KE4 CTL) established from an 
esophageal cancer patient (18) was used in this study as effector 
cells for identification of the peptide antigens encoded by the 
SART- l gene. KE4 CTL sublines were established from the pa- 
rental KE4 CTL line by the limiting dilution culture as reported 
(20). In brief, 1 cell/ well (round bottomed 96-well microculture 
plate) of the parental KE4 CTL line was incubated with the cul- 
ture medium (45% RPM1-1640 medium, 45% AIM-V® medium 
[GIBCO BRL], and 10% FCS [EQUITECH BIO, Ingram, TX] 
with 100 units/ml of IL-2 [Shionogi Pharm. Co., Osaka, Japan] 
and 0.1 mM MEM nonessential amino acids solution [GIBCO 
BRL]; termed as the culture medium) in the presence of irradi- 
ated (50 gray) allogenic PBMCs (2 X 10 5 cells/well) donated 
from three healthy volunteers as feeder cells. The proliferating 
CTL sublines were expanded in wells of 24-well microculture 
plates in the culture medium alone for up to 30 d. The sublines 
were tested for their cytotoxicity to the KE4 (A2402/2601), KE3 
(A2402/A0201), and VA13 fibroblast cell lines in a 6-h 5l Cr- 
release assay as reported (18) at an E/T ratio of 5:1, and the 80 
sublines showing cytotoxicity against the KE4, but not either 
KE3 or VA13, were used in this study. 

Constructions of Deletion Mutants. The pcDNA3/6Al-lD7 plas- 
mid, a derivative of the pcDNA3 vector containing a 990-bp 
DNA fragment of the 6A1-1D7 gene corresponding to the nu- 
cleotide positions 1,517-2,506 of the SART-1 gene and a CMV 
promoter for directing transcription, was digested with Notl for 
preparation of deletion mutants. The linear lysed DNA was sub- 
jected to the second restriction enzyme Apal digestion to gener- 
ate one end sensitive to ExoIII. ExoIIt nuclease/Mung bean nu- 
clease was performed according to the manufacturer's instructions 
(TaKaRa, Ootsu, Japan) to obtain five deletion mutants of the 
6A1-1D7 (6A1 U492 corresponding to nucleotide positions 1—492 
of the 6A1-1D7 gene, 6A1 t . 6 ? s , 6A1 U736 , 6A1 t . 839 , and 6Al t . 9S{ ). 
The SART-1 1 . 668 fragment was prepared by digestion of the 
SART-1 in pSV-SPORT with the Kpnl and BamHI, separated 
by agarose gel electrophoresis and purified by Qiaex gel extrac- 
tion kit (Qiagen, Hilden, Germany). This fragment was ligated to 
the Kpnl and BamHI sites of 6A 1 t _ 492 , 6A 1 t , 625y 6A 1 ,_ 7J6 , 6A 1 t . SJ9y 
and 6Al t . 9sl in pcDNA3 vector, respectively, and five mutants 
(SART-1 i. 2 ,oos corresponding to nucleotide positions 1-2,008, 
SART-1 t _ 2 j 4h SART-1 1 . 2 252* SART-1 ,_, JJ5 , and SART-1 h2t467 ) 
were obtained. Further, the SART-1 gene in pCMV-SPORT 
was digested with BamHI, Apal, or Smal, respectively, and each 
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band was separated, purified, and ligated to prepare the three mu- 
tants (SAHT-l,. 79h SART-1 ,_ U90 , and SA&T~t Mi66S ). 

Peptides and Assays. In this manuscript, amino acid (aa) posi- 
tions were named based on the sequence of the predicted SART-1 aoo 
protein because all the synthesized peptides are located in the re- 
gion shared by both the 5ART-1 S00 and SART-1 259 proteins that 
was translated in the third frame. A series of 22 different 10 mer, 
according to the predicted aa sequences corresponding to a part 
of deduced SART-1 8 „ 0 protein (aa positions 730-800: SHR- 
FHGKGSGKMKTERRMKKLDEEALLKKMSSSDTPLGTVA- 
LLQEKQKAQKTPYIVLSGSGKSMNANTITK), were prepared. 
Each peptide is a 10 mer that shares the same aa with the follow- 
ing peptide at positions 4-10. Six different nonapeptides were also 
prepared in which each of the three 10 mer (SART-1 736 _ 745 , 
SART-W757, SART^1 784 _ 793 ) was deleted at position 1 or 10. 
Further, each aa of the three nonapeptides (SART-1 736 _ 744 , 
SART-l 74 9-757> SART-1 785 . 793 ) was substituted by glycine (G) 
when it was not glycine or by threonine (T) when it was glycine 
to determine aa residues critical for binding to HLA-A2601 and 
CTL-mediated recognition. These peptides were purchased from 
Biologica (Nagoya, Japan). The purity was >70% in most of the 
peptides, and > t *95 % in those used for induction of CTLs. For 
letection of antigenic peptides, the HLA-A2601 or -A0201 cDNA 
(as a control) were transfected to the VA13 (2 X 10 4 ) cells and in- 
cubated for 5 h. Then, 200 fjul-of the RPMl-1640 medium con- 
taining 20% FCS was added and cultured for 2 d, followed by 
adding the peptides at the concentration of 10 |xM in most exper- 
iments, or 10 nM to 50 u,M. in certain experiments. 2 h later, the 
supernatant was removed and the KE4 CTLs (10 4 cells/ well) 
were added, incubated for 18 h, and 100 u.1 of supernatant was 
collected to measure IFN-7 by an ELISA kit in a duplicate assay. 

Induction of CTL by Nonapeptides. PBMCs (2 X I0 6 j from a 
K.E4 patient that had been cryopreserved in a nitrogen tank were 
thawed in the morning of experiments, and were incubated with 
a nonapeptide (10 jxM) in a well of a 24-well plate containing 
2 ml of the culture medium. PBMCs from HLA-A2601 + healthy 
volunteers were also used. At days 7 and 14 of culture, cells were 
collected, washed, and stimulated with antigen presenting cells 
consisting of the irradiated autologous PBMCs that had been pre- 
incubated with the same nonapeptide (10 |xM) for 2 h followed 
by washing with PBS. The ratio of the responder to stimulator 
cell was 10:1. Cells were harvested at day 21 of the culture, and 
most of them were tested for their CTL activity in a 6-h 51 Cr- 
release assay. Some of them were provided for preparation of the 
CTL sublines by incubation of 10 cells/ well (round bottomed 
96-well microculture plate) with the culture medium in the pres- 
ence of irradiated allogenic PBMCs as feeder cells. These cells 
from the microculture were tested for their activity at 10 d of cul- 
ture to produce IFN--y in response to tumor cells by an ELISA. 
Several sublines from well-proliferating wells were further ex- 
panded in the culture medium alone in wells of a 24-well plate, 
and were tested for their cytotoxicity to the KE4 and KE3 tumor 
cells at an E/T ratio of 5:1 in a 6-h 5t Cr-release assay at 15 d of 
the culture. 



Results 

Identification of the 6A 1-1D7 Gene. The total of 10 5 cDNA 
clones from cDNA library of the KE4 tumor cells were 
tested for their ability to stimulate IFN-7 production by 
the KE4 CTLs after cotransfection with the HLA-A2601 
into the VA13 human fibroblast cells. This method allows 
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Figure 1. Recognition of the SART-1 gene products by the ICE 4 
CTLs. Different amounts of the 6AI-1D7 (Fig. I A) or the SAHT-t 
cloned from the KE4 tumor (Fig. 1 B) and 100 ng of HLA-A2601 or 
HLA-A0201 cDNA were cotransfected into VA13 cells, followed by test- 
ing their ability to stimulate I FN-7 production by the KE4 CTLs. The 
background of IFN-7 production by the KE4 CTLs in response to VA13 
cells (~200 pg/ml) was subtracted in the figure. Similar results were ob- 
tained in the SART-1 cloned from the PBMCs (data not shown). 

identification of genes encoding tumor-rejection antigens 
(1-6). After repeated experiments for the several candidate 
clones, one clone (6A1-1D7) was confirmed to encode a 
tumor antigen recognized by the KE4 CTLs when cotrans- 
fected with HLA-A2601 (Fig. 1 A). The sequence of this 
cDNA clone proved to be 990 bp long. Expression of this 
gene was investigated by Northern blot analysis. A band of 
^2.6 kb was observed in all the normal tissues and tumor 
cell lines tested (Fig. 2). The relative level ofmRNA ex- 
pression was within the range of2.3 ± 2.9 in all the sam- 
ples except for testis (the expression level: 7.5) and pancreas 
(17.4) (Fig. 2). These results suggest that this gene was 
ubiquitously expressed at the mRNA level with higher ex- 
' pression in testis and pancreas, and that the 990-bp-long 
cDNA was incomplete. 

Identification of the SART- 1 Gene. A 2,506-bp-long gene 
was independently cloned from the cDNA libraries of ICE 4 
tumor and PBMCs of healthy donors using the 6A1-ID7 
as a probe (Fig. 3). The (nt) sequences of these clones were 
identical with the exception of the position 812 (cytosine 
in the KE4 versus thymine in PBMCs). This would be due 
to a genetic polymorphism, but not due to a point muta- 
tion, since the samples in which the nt position 812 was 
cytosine were the KE4 CTLs, a B cell line from the KE4 
patient (Bec-1), fetal liver, COS cells, and 16 of 22 solid 
tumor cell lines tested, whereas it was thymine in testis, 
VA13 cells, and the other six tumor cell lines. An aa trans- 
lated from these codons in the third frame is identical 
(ACC, ACU = threonine). KE4 CTLs also recognized 
VA13 cells cotransfected with these new genes and HLA- 
A2601 (Fig. 1 B). Both clones contained the 6A1-1D7 at 
positions 1,517-2,506. This 2,506-bp-long gene showed 
no similarity to known sequences, and was tentatively named 
as the SART-1 gene. Although the SART-1 mRNA was 
ubiquitously expressed, the KE4 CTLs did not recognize 
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Figure 2... Expression of the SART-t. 21 tumor cell lines (I<£4, KE3, 
TE8, Kuma-1, HSC4, QG56, Sq-1, A549, MKN28, Colo201, SW620, 
KMG-A, R-28, 86-2, LK79, LC65A, KIM-1, KYN-1, M36, M73, 
NALM-1; reference 18)', PBMCs, Bec-1, COS, or 16 tissues (heart, 
brain, placenta, lung, liver, skeletal muscle, kidney, and pancreas on hu- 
man multiple tissue Northern blot, and spleen, thymus, prostate, testis, 
uterus, small intestine, colon, and peripheral blood leukocyte on human 
multiple tissue Northern blot IV; Clontech Lab., Inc., Palo Alto, CA) 
were provided for Northern blot analysis with the 6A1-1D7 as a probe. 
Some of the results are shown in the figure. 

i 

nonmalignant cells including Bec-1 cells (18) or VA13 cells 
transfected with HLA-A2601 alone (Fig. 1). This might be 
due to preferential expression of tumor antigens on the ma- 
lignant cells by the mechanism of posttranscriptional regu- 
lation. 
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agaccctagg acaccatgac cccrcccrca acgacactcc agcctggaic gagagcagcc GGCACcrccA gaaggacaag cacctgccau unktrancxx too 

CAAGtTACtO GAGGACATGG ACCAAGAG1T TGGTGrCAGC ACTCTGGTGG AGGACGAGTT CGGCCAGACG CCGCAGGACC rGTACAGTGC CCGGGACCTfi ISO 

C AGCG CC TCA CCCTGGAGCA TCCCATTCAT TCCTTCCCAG UGGGGAGAC AAtGATTCTT ACCCTCAAGO ACAAAGCCGT CCrCCACCAG GAGCAGCACG 100 

TGCTGGTGAA CGTSAACC TO GIGGAfAAGG AGCGGGCACA (JAAAAA fGTG GAGCTCCGGA ACaaCAAGCC TGACTACCTG CCCTATGCCG ACGACCACAG 1000 

CGrCGACCAC CTGGCGCAGC AAAAACC TCG CTCTATCCTG fCCAAGfATG ACGAAGAGCT TGAAGGGGAO CGGCCACATT CCTTCCGCTT GGAGCAGCGC 1 100 

GGCACGGCTQ ATGGCCTGCG GGAGCGGGAG CTGGAGGACA TCCGGGCCAA GCTGCCGCTG CAGGCTCAGT CCCTGAGCAC AGrCGGGCCC CGGCrCCCCT 1100 

CCGAATACCT CACGCCTCAC QAGATGGTGA CCrrTAAAAA CACCAAGCGG ACGGTCAACA AAATCCGCAA GAAGGACAAG GAGGTaCTAO rGCGGGCAGA uoo 

TGACTTGCTG CCTCTCGGGG ACCAGAC TCA GGA rGGGGAC TfTGGTTCCA GACIGCGGGG ACGGGGTCGC CGCCGAGTGr CCGAAGTGGA GGAGOGAAG MOO 

GAGCCTGTGC CTC*GCCCCT GCCCrcGGAC GACACCCGAG rGGAGAACAT GCACA TCAG f GATGAGGAGG AAGGTGGAGC IcCACCGCCG GGGTCCCCGC 1100 

acgtgctgca cga6cacg«b KW'WfM ««r«*fr« g'WTWfi aaggcacmc «CT5W»C» GTT«c*K*fl CT«C*«*« fm'yt'i ism 

rcccc«c»«(i ffTccTMAQA TTGTG**g*A ccrcwiTCf «cc*««« WT«fi*«* watgaccat mc'mtA ;««ccc»t CCTCTTC"C >'M 

CCEACGrCCC AGTrcTGCCC CACCTTGGGG CAGATCCCCA CCfACGGCCT GCCTGCCAAf CCCGACGAGC IgcIgCAGCT CATGGACTTT GAACGGCATG 1100 

WMCQCTC agccaaccct MCTCTC** r CTC*CW«^ cgag*«c*TC MCIH : «^ MIB'fff CC*n*K*g *«CC«CC*W m*,UKK 

*n«CC*TK TCC*«*«* *«CV«ffi a*T«G«C« T«c*«tgc CCrKT«TC TCTS»S*aca gcaca«a C » iso* 

GTGCASAAGG TGGCCCGGqT GAAGGC^qC AACAAGTCGC TCCCCTCACC CGrCTACTGC ATCGAGGATA AGA fGCCCAT CGATGAC*«fi fACAGCCGGA 1101 

i«'«MM CTC'WCTTC «C*C»«A C r r^*<»^ ««C«CT«C ***CKB*CG TT**C^TCS4 *t»«tcgat C*C*TOKCC «aaa C tc*c "» 

ACCCAACGAG GCTfTCCGGC AGCrCTCGCA CCGCTTCCAT GGCAAGCGCT CAGCCAAGAT CAAGACAGAG CCCCGGArGA AGAACCTCGA CGAGGaGCCG 1100 
CTCCTCAAGA A CATGACCTC CACC CACACC CCCCTGGCCA CCGrCCCCCT GCTCCACGAG AAGCaGAAGG CTCaGaaGAC CCCCTACATC GTGC TCAGCtj 140* 
«*CC«caa fiACHfC«*C KC**c>CCA TC'CC«ACrg_^C*gCKCCT CttWQKQ «ccr«CTC **ttTTC»r*. TT«aataaa C CTCCCTCCTT Dos 

iliXUAAAA AAAAAAAAAA AAAAAAA 

Figure 3. Nucleotide sequence of the SAR.T-1. The cloned cDNA 
(6A1-1D7) was initially provided for the nucleotide sequencing. The se- 
quence of 6A \-iT>l is 990 bp long (positions 1,517—2,506, underlined by 
the solid line) that has an Ol\F of 201 bp long encoding 67 aa if the first 
AUG codon (1,663—1,665, underlined by the bold line) and stop codon 
(1,864—1,866, underlined by the dotted line) in the first frame are used for 
protein synthesis. One S-D and each of the two different S-D— like se- 
quences are marked by the dot on the top. The 2,506-bp-long SART-1 
was then cloned from cDNA libraries of the KE4 tumor and human 
PBMCs. The SART-1 has an Ol\F 2,400 bp long encoding 800 aa when 
the first AUG codon (39—41, underlined by the bold line) and stop codon 
(2.439-2,441, underlined by the dotted line) are used for protein synthesis in 
the third frame. There was only one nt difference at the position 812 
(marked by V) between the SART- t of KJE4 tumor and PBMCs (cy- 
tosine in the K.E4 tumor versus thymine in PBMCs). These sequence data 
are available from EMBL/GenBank/DDBJ under accession number 
AB006198. 



We then intended to investigate the SART-1 protein 
expression in various cells and tissues by Western blot anal- 
ysis with anti-SART-l 800/CST and -SART-1 6AMD7/CST Abs, 
since both the SART-'i and 6A1-1D7 encoded a tumor 
antigen recognized by the KE4 CTLs. The first AUG 
codon resided at positions 39-4.1 of the SART-1 in the 
third frame with suitable context (CCACUAUGG; Fig. 3) 
for initiation of protein synthesis (21, 22). The SART-1 
thus contains an open reading frame (ORF) of 2,400 bp 
encoding a protein of 800 aa residues (SART-1 800 ). In 
contrast, the first AUG codon of the 6A1-1D7 exists at 
positions 1,663-1,665 with unfavorable content (GGAGG- 
AUGA) in the first frame. Between this first AUG and the 
stop UGA (1,864-1,866) codon of the 6A1-1D7, there is 
one Shine-Dalgamo (S-D) sequence . (AGGAGG, 1,771- 
1,776), one S-D-like sequence (AGGGGG, 1,681-1,686), 
and the other S-D like sequence (GGAG at seven different 
regions) that are known to induce frame shifting in pro- 
karyoric mRNAs (23, 24). A protein of 259 aa (SART-1 259 ) 
could be translated if any of these S-D sequences induces 
— 1 frame shifting and change the stop codon from the po- 
sitions 1,864—1,866 of the first frame to the positions 
2,439-2,441 of the third frame. If not, a peptide of 67 aa 
could be translated in the first frame. 

Expression of the SART- 1 800 Protein. An Ab to the SART- 
1800/cst recognized a 125-kD band of SART-1 800 protein 
after cleavage of GST with thrombin (data not shown), and 
recognized a 125-kD band in the nuclear fraction of 
PBMCs activated with 10 |JLg/ml of PHA (PHA blasts), 
KE4 tumor, and Bec-1, but not unstimulated PBMCs (Fig. 
4 A). No protein in the cytosol was recognized by this Ab 
in any samples tested. The 125-kD band was also expressed 
in the nucleus of the majority of tumor tissues, tumor cell 
lines, and normal cell lines tested, but was not expressed in 
normal tissues except for testis and fetal liver. The summary 
is shown in Table 1. When the SART-1 of positions 29— 
2,449 (SART-1 800 ) was transfected to VA13, intensities of 
the 125-kD band in both the nuclear and cytosol fractions 
increased (Fig. 4 A). Furthermore, this Ab and anti-myc 
monoclonal Ab recognized a 132-kD band of the VA13 
cells transfected with the SART-1 of positions 29-2,449 in 
conjunction with pcDNA3.1/Myc-His vector (SART-l 800/myc ; 
Fig. 4 A). The different migration of these bands (125 and 
132 kD) will be due to a tag peptide (theoretically ~5 kD). 
These results suggest that the 125 kD of the SART-1 800 pro- 
tein was expressed in the nucleus of proliferating cells includ- 
ing normal and malignant cells, but not in no nprolife rating 
cells, nor any normal tissues except for testis and fetal liver. 

Expression of the SART-1 259 Protein. An Ab to the SART- 
16ai-id7/cst recognized a 43-kD band of the recombinant 
SART-l 6AUlD7 protein after cleavage of GST with factor 
Xa (Fig. 4 B). Therefore, the SART-1 259 could be trans- 
lated by the mechanism of —1 frame shifting in the 
prokaryotic mRNA, and be recognized by anti-SART- 
16A1-1D7/CST Ab. This Ab also recognized a 43-kD protein 
in the cytosol of KE4 and TE9 esophageal SCC cell lines, 
fresh esophageal SCCs, and lung SCCs and adenocarcino- 
mas, but not PBMCs (Fig. 4 B). No protein in the nucleus 
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Table 1. Expression of the SAHT-1 800 and SART-1 2S9 Proteins 
in Normal and Cancer Cells and Tissues 



« JS 

o -9 t- o -9 i- 

5 < *r 6 S < « o 

CD I uj oifflxui at 

O.CL^CQGLQ.*:m 



§ i 



i i 



<t ^ o <t <t 
co to z co to 



8 5 
2 3 




-132 
v 125 



(cytosol) 



(nucleus) 



(cytosol) (nucleus) (nucleus) 



Anti-S ART-1 800/gst Ab 



B 



Cell Esophageal 
lines Cancer Tissues 



Anti-myc mAb 



Lung cancer 
Tissues 



X X 



70 - 



43 



^ ^ <3>- ID 
OQ UJ UJ - 0> 
0- * »- UJ 



• " ? 9 ^ £1 2 3t 

8^ 3 3 3 3 3 



43 - 




Anti-SART-1 6A1 -1 07/gst Ab 

D 



COS cells 
transfected with 



S ART-1 8 oo 
(nucleus)* 



SART-1 259 
(cytosol)* 





Cell 
lines 


Tissues 


Cell 
lines 


Tissues 


Normal 










PBMC 


0/55 


— 


0/5 


— 
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0/2 
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Fetal liver 
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Liver 
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1/1 


— 


3/3 


Placenta 
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0/1 
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0/2 


Esophagus 
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0/4 


Pancreas 




0/1 
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Cancer 










Head and neck SCC 


2/2 


2/2 


3/5 


7/7 (100%) 


Esophageal SCC 


5/5 


3/5 


4/6 


18/30 (60%) 


Lung cancer 










Adenocarcinoma 
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7/7 


3/6. 


16/35 (47%) 
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3/3 


8/17 (47%) 


Leukemia 


4/4 


4/4 


0/16 


0/10 (0%) 


Melanoma 


1/1 




0/2 


0/10 (0%) 



* Expression of the SART-l^oo protein in the nucleus of various normal 
and cancer cells nnd tissues was investigated by Western blot analysis 
with anti-SART-laoo/c-sT Ab. 

* Expression of the SART-l 25 c> protein in the cytosol of various normal 
and cancer cells and tissues was investigated by Western blot analysis 
with anti-SART-l 6A ,_i D7/C sT Ab, 

5 Number of positive per total samples tested are shown. 
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Figure 4. Expression of SArAT-l^, and SART-l 25(J proteins. Tumor 
cell lines used for Western blot analysis were head and neck SCCs (Ca9- 
22, HSC3, HSC4, Kuma-l, and Kuma-3). esophageal SCCs (KE4, KE3, 
TE8, TE9, TE10, and TEl t), lung adenocarcinomas (1-87, LK87, PC-9, 
A549, 11-18, and RERF-LC-MS), lung SCCs (Sq-l, RERF-LC-Ai; and 
QG56), leukemia cells ( MOLT-4, HPB-ALL, HPB-MLT, HUT-102, 
BALL-1, NALM16, ARH77, THPl, U937, HL60, ML-1, ML-2, 
NALL-1, SPI-801. K562, and HEL), and melanomas (M36, M73) (18). 
PBMCs,. PHA blasts, fibroblast cells (WI-38, VA13), and tumor tissues 



was detected by this Ab in any samples tested (data not 
shown). The 43-kE> protein was expressed in the cytosol of 
all the head and neck SCC tissues tested, 60% of esophageal 
SCCs, and half of the lung SCCs and lung adenocarcino- 
mas, but not observed in leukemia, melanomas, nor any 
normal tissues, normal cell lines, or normal cells except for 
fetal liver and testis (Table 1). These results suggest that the 



from various organs were also studied. (A) Expression of the SART-1 800 
protein was investigated by Western blot analysis with and— S ART-1 soo/cst 
Ab. Anti-myc monoclonal Ab (Inyitrogen) was also used for analysis of 
VA13 transfected with the SART-l SO0/mYC (B) Expression of the S ART-1 259 
was investigated with anti-SART-l 6A1 . ID7/CST Ab. In the left gel, 70-, 43-, 
and 27-kD bands corresponded to the S ART-1 6A ,. tD7/csx , SART-l 6A |.i D7 , 
and GST, respectively. The data of the cytosol fraction were shown. No 
bands were detected by this Ab in the nucleus of any samples tested (data 
not shown). (Q Expression of the SART-1 2 5«> was investigated with anti— 
SART-l 67/CST and anti-SART-W,, J/CST Abs. The data of the cytosol frac- 
tion were shown. (D) Anti-myc and anti-S ART-1 i t 9/csT Abs were used 
for analysis of COS cells transfected with the SART^l 6At ^ 07/Hly( oz SART- 
1 2t9/myr The total lysate was used for experiments. 
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SART-I259 protein was translated by the mechanism of —1 
frame shifting using .an internal ribosomal entry site in hu- 
man mRNAs primarily from SCCs and adenocarcinomas, 
and was recognized by this Ab. 

To investigate this possibility, we developed rabbit Abs 
against GST fusion protein with a peptide of 67 aa in the 
first frame (SART-1 67/GST ) and a protein of 219 aa in the 
third frame (SART-1 2 i9/gst)» since each of the two pro- 
teins is necessary for construction of the SART-I259. Both 
anti-SART-l 67/GSX and anti-SART-l 21 9/csT Abs recog- 
nized a 43-kD band in the cytosol of the KE4, but not of 
PBMCs or PHA blasts (Fig. 4 Q. These Abs also recog- 
nized a 43-kD protein of the other SCCs and lung adeno- 
carcinomas, and the pattern of the reactivity was almost 
identical to that of anti— SART-l 6A i_ lD7/GST Ab shown in 
Table 1 . The results suggest that this 43-kD protein consists 
of both a peptide of 67 aa in the first frame and a protein of 
219 aa in the third frame. Furthermore, we prepared the plas- 
mid construct in which the part of the SART-1 at nt positions 
1,663-2,449 pr 1,782-2,449 was ligated into the pcDNA3.1/ 
Myc-His vector {SART-1 6At . iD7/mYC and SART-1 2t9/mYC , re- 
spectively). When the SART-1 6At . tD7/mY£ was transfected 
to COS cells, two bands. (48 and 43 kD) were detected 
with both anti-myc monoclonal and anti— SART-1 219/GST 
Abs, whereas only a 43-kD band was detected in COS cells 
transfected with the SART-l 2t9/myc (Fig. 4 D). The 48-kD 
protein might consist of 43 kD of SART-1 259 plus 5 kD of 
a tag peptide that would be initiated by the AUG codon at 
positions 1,663—1,665 with the mechanism of —1 frame 
shifting. On the other hand, the 43-kD protein might con- 
sist of the 38-kD protein of the SART-l 2l9 plus 5 kD of a 
tag peptide that would be initiated by the AUG codon at 
positions 1,782-1,784 in the third frame. 

Identification of Regions Containing Antigenic Peptides for 
CTLs. To identify antigenic peptides encoded by the 
SART-1 gene, we investigated the capability of deletion 
mutants of both the 6A1-1D7 and SART- 'l genes to stim- 
ulate IFN-7 production by the KE4 CTLs, since both 
genes encoded tumor antigens recognized by the KE-4 CTL 
as shown in Fig. 1. Higher levels of IFN-7 production 
were observed in the 6A1 U990 (full length), 6A1 U95U and 
6A 'lj. 8 j 9 when cotransfected with HLA-A2601 into VA13 
cells (Fig. 5/1). In contrast, no IFN-7 production was ob- 
served in the 6A1 U736 or any of the two mutants. Similarly, 
higher levels of IFN-7 production were observed in the 
SART-1 i 2506 (full length), SART-1 U2t467 . and SART-1 u2tJ5S 
(Fig. 5 £). In contrast, a very low level or no IFN-7 pro- 
duction was observed in the SART-1 t . 2t252 or anv of the 
other five mutants, respectively. These results suggest that 
antigenic peptide(s) mainly resided within the 254-bp re- 
gion of the 3 ' end of both the 6A 1-1D7 and SART- 1. This 
region encodes 62 deduced aa of the SART-1 protein at 
the positions of 737—800 in the third frame, which was 
shared by both the &4MD7-derived SART-1 259 protein 
and the S/4RT- 7-derived SART-1 

800 protein. 

Determination of Peptide Antigens. A series of 22 SART-1 
oligopeptides (10 mer) corresponding to the region shown 
above were loaded to the VA13 cells that had been trans- 
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Figure 5. Identification of regions containing antigenic peptides for CTL. 
Deletion mutants of 6A /- 7D7 gene (6A 1 ,. 492l 6A 1 ,, A2Jt 6/4 /,. 7Jrf , I U8}th 
and 6Al t . 95l ) and the full length of 6A i- lDl in A or mutants of SART- 1 
gene (SART- 1 ,. 2 ,oos, SART-i ,. 2t4h SART-1 1 _ 2232 , SART-l j. 2JSSl and 
the others) and the full length of SART-1 in B were cotransfected to 
VA13 ceUs (2 X 10 + ) with HLA-A2601 or -A0201, and 2 d later these 
cells were tested for their ability to stimulate IFN-7 production by the 
K£4 CTLs. The background of IFN-7 production by the KE4 CTLs in 
response to VA13 cells transfected with both each mutant and HLA- 
A020 1 (~50 pg/ml) was subtracted in the figure. 

fected with HLA-A2601 or -A0201, and tested for their 
ability both to stimulate IFN-7 production and to be rec- 
ognized by the KE4 CTLs in a 5 l Cr— release assay. Repre- 
sentative results are shown in Fig. 6 A. The three 10 mer 
(SART-1 736 _ 745 [KGSGKMKTER] , SART-1 748 _ 757 [KKL- 
DEEALLK], and SART-1 784 _ 793 [IVLSGSGKSM]) pos- 
sessed the activity to stimulate significant levels of IFN-7 
production (>50 pg/ml), whereas none of the other 10 
mer did. The SART-1 736 _ 745 or SART-1 748 _ 757 peptide had 
the high (45% lysis at an E/T ratio of 5:1) or low (10% ly- 
sis) activity to be recognized when loaded on VA13 cells 
transfected with HLA-A2601, respectively. None of the 
other 10 mer, including the SART-1 784 _ 793 , had the signifi- 
cant level (>10% lysis) of activity in a 5 ! Cr— release assay. 

Six different nonapep tides from these three 10 mer with 
deletion of one aa at position 1 or 10 were tested for their abil- 
ity to stimulate IFN-7 production by the parental KE4 CTL 
(Fig. 6 B). Each nonapeptide (SART-1 736 _ 744 [KGSGK- 
MKTE], SART-1 749 _ 757 [KLDEEALLK], and SART-1 785 _ 793 
[VLSGSGKSM]) had higher activity to stimulate IFN-7 
production than had the parental 10 mer. In contrast, each 
of the remaining nonapeptides failed to stimulate IFN-7 
production. 

To confirm the presence of a peptide-specific CTL, 80 
KE4 CTL sublines -were tested for their reactivity to each 
of the three 10 mer (SART-1 736 _ 745 , SART-1 748 _ 757 , and 
SART-1 784 . 793 ). 4 , 5, or 6 of 80 of the KE4 CTL sublines 
showed the SART-1 736 _ 745 , SART-1 748 _ 757 , or SART-1 784 _ 793 
peptide-specific reactivity, respectively. The representative 
results are shown in Fig. 7. 

In the SART-1 736 _ 744 peptide, the ability to stimulate 
IFN-7 production was observed at 50 nM with the maxi- 
mal level at 3 jjlM (Fig. 8). This ability was observed as low 
as 10 nM with the maximal level at 0.78 |ulM in the cases of 
both the SART-1 74fJ _ 757 and SART-1 785 _ 793 peptides. 
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Figure 6. Determination of peptide antigens. A series of 22 SART-1 oligopeptides (10 mer; 10 U.M) in A or 6 different nonapeptides (10 u.M) from 
three 10 mer (SART- 1736.745, SART-l 748 _ 757 , and $ART-1 7H4 _ 793 ) with deletion of one aa at position I or 10 in B were loaded for 2 h to the VA13 cells 
(2 X 10 4 ) transfected with HLA-A2601 or -A0201. For IFN-7 production, the KE4 CTLs (10 4 ) were added, incubated for 18 h, and the culture superna- 
tant was collected for measurement of IFN-*y by the ELISA in duplicate assays. The background of IFN-*y production by the KE4 CTLs in response to each 
peptide loaded to the VA13 cells transfected with HLA-A0201 (~50 pg/ml) was subtracted in the figure. In a 5, Cr-release assay, these VA13 cells were 
labeled with Na 2 5l Cr0 4 for 1 h followed by adding the KE4 CTLs (5 X 10 4 ). 6 h later, the supernatant was harvested for measurement of the radioactiv- 
ity in triplicate assays as reported (18). The background of percent lysis by the KE4 CTLs of the VA13 cells that were transfected with HLA-A0201 and 
loaded by each peptide was <5%. 
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Figure 7. CTL sublines rec- 
ognizing each nonapeptide. 80 
KE4 CTL sublines were tested 
for their ability to produce IFN-7 
by recognition of each of the 
three 10 mer (SART-1 736 _ 745 , 
SART-Wtst, and SART- W793) 
that was loaded at 10 u,M on the 
VA13 cells for 2 h transfected 
with HLA-A2601 or -A0201. 
Detailed methods are shown in 
the legend for Fig. 6. Four, five, 
or six of 80 of the ICE 4 CTL 
sublines reacted to the SART- 
l 73 fi-74S. SART-l 74tt _ 757 , or 
SART-1 784 _ 7 , J3 , respectively. 
The representative results from 
the peptide-specific CTL sub- 
lines (No. 48 and 53: the SAR.T- 
^736-745 _s P e cific CTLs; No. 3 and 
60: the SART-l 748 _ 757 -specific 
CTLs; and No. 13 and 36: the 
SART-l 784 _ 79J -specific CTLs) 
are shown in the figure. The 
other CTL sublines were mosdy 
not reactive to any of the 10 
mer, and only a few sublines 
were reactive to two of the three 
10 mer (data not shown). None 
of the sublines were reactive to 
all the three peptides. 
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Figure 8. Dose dependency of 
nonapeptides. Various doses of 
each of the nonapeptides 
(SART-1 736 _ 744 , SAlOM 74U _ 757 , 
and SART-1 7 a 5 _ 7 < J3 ) were loaded 
for 2 h on VA13 cells transfected 
with HLA-A2601 or-A0201 fol- 
lowed by testing their ability to 
stimulate IFN-7 production by 
the parental ICE4 CTLs. Detailed 
methods are shown in the legend 
for Fig. 6. 
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7L-C 
8L-C 
9K-C 



SART-1, ( ^ ri) 
(VLSCSCXSU) 



(FN-T production (ps/nl) 



IPN-t production (pg/al) 




Determination of aa Required for CTL-mediated Recogni- 
tion. Each aa of the three nonapeptides (SART-1 736 _ 744 , 
SART-1 

749-757* ana * SART-1 785-793) was substituted by gly- 
cine (G) when it was not glycine or by threonine when it 
was glycine. These peptides, along with the parental nona- 
peptides, were tested for their ability to stimulate IFN-7 
production by the parental KE4 CTLs. The representative 
results are shown in Fig. 9. The ability of the SART-1 736 _ 744 
disappeared or extremely decreased when glutamic acid (E) 
or threonine (T) at position 9 (9E-G in Fig. 9) or 8 (8T-G 
in Fig. 9) was substituted, respectively. It also decreased 
when glycine or methionine (M) at position 4 or 6 was 
substituted, whereas it slightly increased when glycine or 
serine (S) at position 2 or 3 was substituted to threonine or 
glycine, respectively. The ability of SART-1 749.757 disap- 
peared when leucine (L) or alanine (A) at position 2 or 6 
was substituted. It also decreased when glutamic acid or 
leucine at position 5 or 8 was substituted. In a case of the 
SART-1 785_793, the ability disappeared when glycine or 
serine at position 4 or 8 was substituted. It decreased when 
leucine or serine at position 2 or 5 was substituted, whereas 
slightly increased when serine at position 3 was substituted. 

Induction of CTLs by the Nonapeptides. The three nona- 
peptides (SART-1 7 3 6 _ 744 , SART-1 749 _ 757 , and SART-1 785 . 793 ) 
were tested for their ability to induce the CTLs against the 
autologous tumor cells from PBMCs of a KE4 patient. 
PBMCs stimulated with the SART-1 736 . 744 and their sub- 
line No. 1 showed higher levels of the KE4 autologous 
tumor cell lysis than those of the KE3 allogenic tumor cell 
lysis (Table 2). In contrast, PBMCs cultured with IL-2 alone 
or stimulated with SART-1 749.757 or SART-1 735.793 equally 
lysed both the tumor cells. The cells from the total of 144 
rnicrocultures (48 microcultures from PBMCs alone, 48 
stimulated with the SART-1 736 . 744 , and 48 with the 



IFN-T production (pg/ol) 



Figure 9. Determination of aa required for CTL-mediated recognition. 
Each aa of the three nonapeptides (SART-1 736 _ 744 , SART-l 749 _ 757 , and 
SART-l 735 . 7 y 3 ) was substituted by glycine when it was not glycine, or 



threonine when it was glycine. These substituents along with the parental 
nonapeptides (10 fiM) were loaded for 2 h to the VA13 cells transfected 
with HLA-A2601 or -A0201 followed by testing their ability to stimulate 
IFN-7 production by the parental KE4 CTLs. Detailed methods are 
shown in the legend for Fig. 6. 
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Table 2. Cytotoxicity in PBMCs Stimulated with the 
Tliree Nonapeptides* 



Percent specific lysis 
(E/T ratio of 5:1) 







KE3 


ICE 4 






(A2402/ 


(A2601/ 


Effector cells 




A0201) 


A2402) 


PBMC alone 


Bulk culture 


11.50 


12.10 


PBMC stimulated 


Bulk culture 


15.80 


28.50 


With S ART- 1 736-744 


Subline No. 1 


0.00 


12.00 


PBMC stimulated 


Bulk culture 


26.10 


27.50 


with S ART- 1 749-757 


Subline No. 1 


0.00 


0.00 


PBMC stimulated 


Bulk culture 


12.00 


13.00 


With SART-1 785-793 









*The three nonapepcides (SART-1 736 . 744 , SART-1 749 . 757 , and SART- 
1 7R5 ?g3 ) were tested for their ability to induce CTLs against the KJE4 tu- 
nor cells from P^MCs of a KE4 patient. After the stimulation, PBMCs 
„r the sublines were tested for their cytotoxicity against the autologous 
KJE4 and allogenic KJE3 tumor cells at an E/T ratio of 5:1 in triplicate 
determinants in a 6-h 5l Cr-relea<fe assay. The mean values of percent 
specific lysis are shown in the table. 

SART-1 749-757) were independently tested for their activity 
to produce IFN-7 by recognition of the KE3, KE4 tumor, 
and VA13 cells. The cells from 10 of 48 of the microcul- 
tures from the PBMCs stimulated with the SART-1 736 _ 7 44 
produced higher levels of IFN-*7 by recognition of the 
KE4, but not the other cells. The representative result of 
the one microculture showing positive IFN-7 production 
is shown in Fig. 10. In contrast, the cells from none of 48 
of the microcultures besides one from PBMCs alone or 
PBMCs stimulated with the SART-l 749 -757 produced 
higher IFN-7 by recognition of the KE4 tumor cells. The 
representative result of one microculture showing negative 
IFN-7 production is shown in Fig. 10. 



Discussion 

The results of this study suggest that SART-1 gene is a 
bicistronic gene encoding two proteins, SART-1 800 (125 kD) 
in the nucleus and SART-1 259 (43 kD) in the cytosol. Most 
eukaryotic mRNAs have a single ORF and a single func- 
tional initiation site, which is usually the AUG codon that 
lies closest to the 5' end (21, 22). However, there are some 
viral mRNAs that break this rule; two proteins are trans- 
lated from either the same or a diEFerent ORF (25-27). 
Several human genes are also suggested to be bicistronic. 
liver-enriched transcriptional-activator protein (LAP) mRNA 
was found to be translated into two proteins, LAP and the 
liver-enriched transcriptional-inhibitory protein (LIP; 28, 
29). The LIP contains the DNA-binding and dimerization 
domains, but is devoid of the transcription-activation do- 
main. LAP and LIP seem to exhibit antagonistic activities. 
Another example is the glycoprotein (gp) 75 encoding two 



PBMC stimulated with 
SART-1 (subline 11) 



PBMC (subline 6) 



PBMC stimulated with 
SART-1 WTIT (subline 14) 




5SSSSSSSSS 



None □ 
KE3 □ 
KE4 ■ 

VA13 EI 



1FN-Y production (pg/ml) 

Figure 10. Induction of CTLs by the nonapepcides. The cells from to- 
tal of 144 microcultures (48 microcultures from PBMCs alone, 48 stimu- 
lated with the SART-1 736.744, and 48 with the SART-1 749 _ 747 ) were inde- 
pendently tested for their activity to produce IFN-7 in response to the 
KE3, KE4 tumor, and VA13 cells. The cells from 10 of 48 of the micro- 
cultures from the PBMCs stimulated with the SART-1 736 _74 4 produced 
IFN-7 by recognition of the KE4, but not the other cells. The represen- 
tative result of one microculture {subline 1 /) showing positive IFN-7 pro- 
duction is shown in the Sgure. In contrast, the cells from none of 48 of 
the microcultures besides one from either PBMCs alone or PBMCs stim- 
ulated with the SART-1 749 _ 757 produced IFN-7 by recognition of the 
KE4 cells. The representative result of one microculture (subline 6 from PB- 
MCs alone or subline 14 from PBMCs with the SART-l 749 _ 757 ) showing 
negative [FN-7 production is shown in the figure. 



different polypeptides, gp75 recognized by sera from cancer 
patients and a peptide with 24 aa recognized by CTLs (30). 
However, the mechanism of posttranscriptional regulation 
in human mRNAs is scarcely understood at the present 
time. Therefore, SART-1 shall be a novel tool to explore 
the mechanism. 

It is of note that SART-1 encodes a leucine zipper motif 
around nt positions 1,125-1,202 in the third frame (cor- 
responding peptide: RELEEIRAKLFXQAQSLSTVG- 
PRLAS). The leucine zipper motif is known to form 
homo- or heterodimers that can bind DNA and modulate 
transcription of many genes (31, 32). Indeed, the SART-1 
gene product bound to DNA (our unpublished results). Al- 
though its biological functions are currendy unknown, the 
SART-l 8 oo protein might be involved in regulation of gene 
transcription, because it was localized in the nucleus of pro- 
liferating cells, possessed a leucine zipper motif, and bound 
to DNA. In contrast, the SART-1 259 protein without leu- 
cine zipper motif expressed in the cytosol of SCCs and ad- 
enocarcinomas might inhibit the activity of the SART-1 800 . 
If this is the case, these proteins might be involved in regu- 
lation of proliferation of epithelial cells and their malignant 
transformation. 

The region of antigenic peptides encoded by the 6A1- 
1D7 and SART-1 genes was 62 aa from the COOH termi- 
nus shared by the SART-1 259 and SART-1 800 . Therefore, 
both proteins could be used for antigen processing to 
present the antigenic peptides on the groove of the HLA- 
A2601 molecule, although the SART-1 239 protein, but not 
the SART-1 S00 , is expected to be used as a major source of 
the antigenic peptides recognized by the KE4 CTL because 
of its preferential expression in the cytosol of tumor cells. 
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The three 10 mer and their nonapeptides in the region 
of SART-1 protein at positions of 730— 800 were identified 
by an IFN-7 assay as antigenic peptides recognized by the 
HLA-A2601-restricted KE4 CTLs. Because of the pres- 
ence of CTL sublines reacting to each of the three 10 mer 
among the 80 sublines tested, the parental KE4 CTL line 
would consist of the mixtures of these pep tide-specific CTL 
clones. The other sublines were either not reactive to any 
of the 10 mer or reactive to two of the three 10 mer. 
Among these 10 mer, SART-1 736 _ 745 , and also SART-1 748 _ 737 
to some extent, but not SART-1 785 _ 794 , had the activity in a 
3l Cr-release assay. SART-1 736 . 744 , but not the others, pos- 
sessed the ability to induce CTLs in PBMCs against the au- 
tologous tumor cells. Although the molecular basis for this 
discrepancy is presently unclear, SART-1 736 _ 744 might be 
naturally expressed on the HLA-A2601 allele of the KE4 
tumor cells. 

Our results suggest that threonine and glutamic acid at 
positions 8 and 9 of SART-1 736 _ 744 (KGSGKMKTE), leu- 
cine and alanine at positions 2 and 6 of SART-1 749 _ 757 
(KLDEEALLIQ, and glycine and serine at positions 4 and 8 
f SART-1 785 . 793 (VLSGSGKSM) are critical for the recog- 
iution of each peptide by the parental KE4 CTLs. In addi- 
tion, glycine and methionine at positions 4 and 6 of 
SART-1 736 _ 744 , glutamic acid and leucine at positions 5 and 

8 of SART-1 749 . 757 , and leucine and serine at positions 2 
and 5 of SART-1 785 _ 793 are important for the recognition. 
The binding motif for HLA-A2601 has not been deter- 
mined as far as we know, and the KE4 CTL did not react 
to HLA-A2603+ SCC and thus seemed to be HLA-A2601 
restricted (18). The F pocket residues of these two subtypes 
are different (33), and therefore a binding motif at position 

9 for them may be different from each other. Subsequently, 
it is difficult to compare our results of aa residues at posi- 
tion 9 to others, showing that valine or a hydrophobic resi- 
due at position 9 is important for binding to HLA-A26 (34, 
35). With regard to the position 2, threonine, leucine, or 
valine was reported as the motif for binding to HLA-A26. 
Our results indicated that leucine of both SART-1 749 . 757 



and SART-1 785 _ 793 was required for binding to HL A- 
A2601 allele, and substitution of glycine to threonine at 
position 2 of the SART-1 736 _ 744 rather increased its activity 
to induce IFN-7 production by the parental KE4 CTLs. 
From the results of the experiments of dose-dependent re- 
actions, both SART-1 749 _ 757 and SART-1 735 . 793 seemed to 
have higher affinity for binding to the groove of HLA- 
A2601 molecule than that of SART-1 736 . 744 . Modified 
gplOO nonapeptides are reported to be more potent for 
induction from PBMCs of HLA-A2-res trie ted CTLs cy- 
totoxic to melanoma cells (36). Therefore, a modified 
SART-1 736 _ 744 peptide at position 2 from glycine to threo- 
nine, or probably to leucine or valine, may increase affinity 
of the binding to HLA-A2601, which in turn increase the 
ability to induce CTLs restricted to HLA-A2601 + SCCs. 
This issue needs to be tested for development of better can- 
cer vaccines. 

The SART-1 736 _ 744 peptide, but not the others, induced 
from the patient's PBMCs the CTLs restricted to the autol- 
ogous tumor cells. CTL precursors in the patient's PBMCs 
increased by 10-fold after three rounds of stimulation with 
the peptide in vitro. This peptide failed to induce CTLs in 
PBMCs from any of three HLA-A2601 + healthy donors 
tested under the conditions used in this study (data not 
shown). The SART-1 259 protein was expressed in the cy- 
tosol of the majority of SCCs tested and half of lung ade- 
nocarcinomas. Because of its preferential expression in 
the cytosol of SCCs and adenocarcinomas, the SART-1 259 
protein, but not the SART-1 800 , could be a major source of 
antigenic peptides recognized by CTLs. The HLA-A26 al- 
lele is found in ~22% of Japanese, 17% of Caucasians, and 
14% of Africans (37). The A2601 subtype is found most 
frequendy among the A26 subtypes (38). Therefore, the 
SART-1 259 protein along with the SART-1 736 _ 744 peptide 
could be useful for specific immunotherapy of relatively 
large numbers of HLA-A2601 patients with SCCs or ade- 
nocarcinomas as a cancer vaccine and also an antigen in 
vitro to induce CTLs for adoptive cellular therapy. 
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